Aim: The interest of inflammatory marker increased in the last years, even in preventing clinical outcome after subarachnoid hemorrhage (SAH). Our objective was to study the relationships between C-reactive protein levels and clinical outcome and the development of cerebral vasospasm after aneurismal SAH. Methods: One hundred adult patients with aneurismal SAH were prospectively evaluated. Glasgow Coma Scale (GCS) score, Hunt and Hess grade, Fisher grade, CT scans, digital subtraction angiography studies, transcranial doppler (TCD) and daily neurological examinations were recorded. Serial serum CRP measurements were obtained on daily between admission and 10th days. Glasgow Outcome Scale (GOS) and the modified Rankin Scale (mRS) were used to predict outcome. Results: A progressive increase in the CRP levels from the admission to the 3rd postictal day was observed, followed by a slow decrease until the 9th day. Hemodynamic changes in TCD were associated with higher serum CRP levels. Patients with lower GCS scores presented with increased CRP levels. Patients with higher Hunt and Hess grades on admission developed significantly higher CRP serum levels. Patients with higher admission Fisher grades showed increased levels of CRP. A statistically significant inverse correlation was established in our series between CRP serum levels and GOS and mRS scores on discharge and CRP levels. Conclusion: Increased CRP levels were strongly associated with poor clinical outcome. CRP levels can predict cerebral vasospasm and delayed ischemic deficits with higher statistic significance. There are relationships between hemodynamic chances in TCD and higher CRP levels.
INTRODUCTION
Cerebral vasospasm is the major cause of delayed morbidity following aneurysmal subarachnoid hemorrhage (SAH). Despite recent advances in the management of patients with ruptured cerebral aneurysms, case fatality rates remain high (35% to 50%) [1] [2] [3] . More than 40% of survivors experience long-term cognitive and functional limitations [1] [2] [3] [4] [5] .
A multiple inflammatory mechanisms are directly involved in the pathogenesis of cerebral vasospasm, with increased levels of various soluble adhesion molecules (such as E-selectin, intercellular adhesion molecule-1, and vascular adhesion molecule-1) and cytokines (such as IL-6 and IL-1) have been detected in the plasma and cerebrospinal fluid (CSF) of patients with SAH [2, 3, [6] [7] [8] [9] .
Identifying risk factors may improve clinical prediction and allow for more effective treatment of vasospasm. The measurement of sensitive inflammatory markers such as CRP significantly increases our ability to predict with accuracy and prevent or appropriately treat coronary thrombotic events [10] [11] [12] [13] . Previous clinical studies have shown that elevated levels of high-sensitivity CRP could predict the development of coronary vasospasm [8, 9] .
Interest in inflammatory markers for cerebral vasospasm has increased, particularly when related with neurologic outcome.
In our study, we measured the CRP serum levels in patients suffering SAH, and analyzed the relationships between systemic CRP levels and the severity of SAH.
METHODS
Between January 2009 and February 2013, 100 adult patients were selected for a prospective cohort study at Hospital Ipiranga and Hospital das Clínicas in Botucatu, Brazil. The inclusion criteria were as follows: 1) diagnosis of aSAH and cerebral aneurysms established by a CT scan and four-vessel DS angiography study; 2) patient age > 18 years; 3) patient admission to our institutions within the first 24 hours postictus. The exclusion criteria were concomitant or recent acute myocardial infarction, recent surgery (≤30 days) prior to the event, and/or clinical or laboratory evidence of chronic systemic infection. In addition, patients who died before completing 10 days of treatment were not included.
Patient demographics, clinical status on admission Glasgow Coma Scale (GCS) (GCS scores and Hunt and Hess grades), head CT scans, severity of the SAH blood clot load (Fisher grades), location of a ruptured aneurysm (standard four-vessel DS angiography) and neurological examinations on admission and daily thereafter were recorded. Surgical clipping was performed in 57 (57%) of the 100 patients for 72 (57.14%) of the 126 aneurysms, whereas endovascular treatment was used in 43 patients (43%) for 54 (42.86%) of the 126 aneurysms. The selection of surgical versus endovascular treatment was based on criteria, such as the anatomical location of the lesion, the size and morphological features of the aneurysm, the presence of multiple aneurysms, the presence of a mass effect caused by the aneurysm and/or an associated hematoma, and the patient's neurological and general medical condition and preference.
The serum CRP levels were measured daily between admission and the tenth day, and the measurements obtained were recorded. Transcranial Doppler (TD) was performed daily. The patients' clinical outcome was evaluated using the Glasgow Outcome Scale (GOS) and modified Rankin Scale (mRS) at discharge from our institutions. This study was approved by the local Ethics Committee. Statistical analyses were performed using SAS version 9.1.3.
RESULTS
The admission GCS scores ranged from 3 to 15 (mean = 14). Hunt and Hess scores on admission ranged from I to V (mean = 2.5), and Fisher grades from 1 to 4 (mean = 1.5). The GOS scores on discharge ranged from 2 to 5 (mean = 4.2), and the range of mRS scores was from 0 to 5 (mean = 0.8).
A progressive increase in CRP levels from admission to the third day post ictus was observed, followed by a slow decrease until the ninth day ( Figure 1 ). Patients with lower GCS scores presented increased CRP measurements (correlation coefficient methodology; z = −8.912, p < 0.0001, r = −0.89). Patients with higher Hunt and Hess grades on admission developed significantly higher serum CRP levels (correlation coefficient methodology; z = 6.941, p < 0.0001, r = 0.81) (Figure 2) . Similarly, patients with higher Fisher grades on admission showed increased levels of CRP (correlation coefficient methodology; z = 7.821, p < 0.0001, r = 0.86) (Figure 3) . Occurrences of clinical vasospasm were significantly correlated with higher CRP levels (correlation coefficient methodology; z = 7.921, p < 0.0001, r = 0.75) and patients with hemodynamic changes in transcranial Doppler showed higher CRP levels than patients without vasospasm (correlation coefficient methodology; z = 8.421, p < 0.0001, r = 0.88) (Figure 4) .
There was no statistically significant difference in serum CRP levels between the group of patients undergoing surgical clipping and those undergoing endovascular coil occlusion. With regard to their GOS scores, patients with higher serum CRP levels (correlation coefficient methodology; z = −6.181, p < 0.0001, r = −0.81) (Figure 5) presented less favorable outcomes. A statistically significant inverse correlation was established in our series between serum CRP levels and GOS scores. A similar statistically strong relationship was found between mRS scores on discharge and CRP measurements (correlation coefficient methodology; z = 6.762, p < 0.0001, r = 0.82) (Figure 6 ).
DISCUSSION
Cerebral vasospasm after SAH is common, potentially devastating, and incompletely understood. Inflammation accompanying SAH may be a critical pathway underlying the development of cerebral vasospasm. Inflammation is a complex and multifaceted response aimed to ultimately defend against foreign antigens [8, 9, [14] [15] [16] [17] [18] . In the instance of SAH, a complex series of cellular and molecular events is elicited by the presence of blood clot in the subarachnoid space, culminating in a robust inflammatory response. Although the possible role of inflammation in the genesis of cerebral vasospasm has been recognized for some time, its cellular and molecular basis and putative importance have not been more clearly defined until recently [2, 3, 19, 20] .
In the acute stages of inflammation, the local homeostatic milieu is altered, resulting in expression of adhesion molecules that evoke leukocyte adherence to the endothelium, with subsequent migration, activation, and release of effector substances [8, 21] . Leukocytes are also critical constituents of the inflammatory response. Leukocytes may act by direct effects on the vasculature or indirectly through the elaboration and propagation of the inflammatory response [22] . For example, neutrophils may produce and release reactive metabolites of oxygen that evoke endothelial dysfunction and calcium influx [2, 23] . Furthermore, leukocytes may release a variety of other substances (including leukotrienes and other lipid mediators) that have powerful vascular effects. In addition, leukocytes produce a host of factors (such as cytokines) that further activate and propagate immune responses [24, 25] .
Experimental and clinical evidence suggests that Intercellular Adhesion Molecule 1 (ICAM-1) mediated leukocyte migration may play a crucial role in the pathogenesis of cerebral vasospasm [9] [10] [11] [12] [13] . SAH increases endothelial ICAM-1 expression [1, [3] [4] [5] 26, 27] and resultant perivascular leukocyte migration [1, [3] [4] [5] 9, 14, 15] . Furthermore, serum ICAM-1 level correlates with the onset of cerebral vasospasm [1, 3, [6] [7] [8] [9] . Perivascular chemokine-activated inflammatory cells synthesize and release endothelin-1, a potent vasoconstrictor, as well as superoxide free radicals, leading to inactivation of nitric oxide (NO) and vasoconstriction [1, 3, [6] [7] [8] [9] 26, 27] . Anti-ICAM-1 antibodies decrease leukocyte migration and attenuate cerebral vasospasm after SAH [1, 3, [6] [7] [8] [9] .
CRP is a sensitive inflammatory marker, with synthesis in hepatocytes is strongly stimulated by interleukin-6 [1] [2] [3] 6, 7, 20, 21] . Additionally, IL-1, which has been implicated in the pathogenesis of cerebral vasospasm, also represents a strong stimulus for CRP synthesis [1] [2] [3] [4] [5] . So, elevated concentrations of CRP may well be associated with an increased possibility of developing cerebral vasospasm and subsequently a DIND [1, 3, [22] [23] [24] [25] 28] .
There was a strong inverse correlation between admiting GCS scores and CRP levels in serum (r = −0.89 and r = −0.82, respectively). Hunt and Hess and Fisher grades were also correlated in a statistically significant fashion with the CRP measurements in our cohort. These data clearly indicates that CRP levels significantly relate with the severity of aSAH and occurrence of vasospasm. Furthermore, the elevated CRP levels were associated with worse clinical outcome, as expressed in GOS and mRS scores. Additionally, we found no statistically sig-nificant differences in the occurrence of angiographic vasospasm between patients undergoing surgical treat-ment and those undergoing endovascular coil occlusion.
Our strict inclusion criteria minimized the influence of other confounding factors such as systemic infection or concomitant systemic conditions, and statistical analysis is compelling to define the influence of CRP levels on vasospasm occurrence and neurological final outcomes. Unfortunately, the clinical significance of elevated serum CRP measurements in patients sustaining aSAH is confounded by the fact that most of these patients may have other concomitant systemic infections or pathological conditions that could potentially result in increased CRP serum concentrations. Additionally, the surgical manipulation in these patients could influence the systemic CRP levels.
It is well known that clinical outcome in patients with aSAH is multifactorial. The association between CRP levels systemically with the clinical outcome may well be influenced by other parameters in a complex and frequently unpredictable way. In addition, CRP represents a sensitive but nonspecific inflammatory marker. A largescale, multicenter, prospective clinical study is necessary to validate our results and to determine the role of serum CRP in the identification of patients at high risk for developing cerebral vasospasm.
CONCLUSION
Clinical and radiologic severity of SAH correlated significantly with serum CRP levels, since patients with low GCS scores and high Hunt and Hess and Fisher grades presented elevated serum CRP levels. Additionally, CRP levels were able to predict occurrences of vasospasm and poor clinical outcomes in a statistically significant fashion. Routine use of CRP levels may identify patients who are at a high risk of developing cerebral vasospasm and may have a positive impact on therapeutic strategies and the future management of patients with aSAH.
